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L’utilisation de tests diagnostiques est un aspect crucial 
de la pratique clinique puisqu’ils aident les cliniciens 
à déterminer si le patient présente ou ne présente pas 
un état pathologique particulier. Pour que tout essai 
clinique soit utilisé de façon appropriée, il est essentiel 
que plusieurs paramètres soient établis en rapport au 
test, et que ceux-ci soient portés à la connaissance 
des cliniciens afin d’appuyer leurs prises de décisions 
cliniques. Cela comprend la sensibilité du test, la 
particularité, les valeurs prédictives et les rapports de 
vraisemblance. Cet article examine leur importance 
et fournit un exemple indicatif qui illustre comment la 
connaissance des paramètres pour un test donné permet 
aux cliniciens de mieux interpréter leurs résultats de test 
dans la pratique.
(JCCA 2011; 55(2):69–75)
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The use of diagnostic tests is a crucial aspect of clinical 
practice since they assist clinicians in establishing 
whether a patient has or does not have a particular 
condition. In order for any clinical test to be used most 
appropriately, it is essential that several parameters 
be established regarding the test and that these are 
made known to clinicians to inform their clinical 
decision making. These include the test’s sensitivity, 
specificity, predictive values, and likelihood ratios. This 
article reviews their importance as well as provides an 
illustrative example that highlights how knowledge of 
the parameters for a given test allows clinicians to better 
interpret their test findings in practice. 
(JCCA 2011; 55(2):69–75)
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Introduction
Since the fundamental purpose of any diagnostic test is to 
help determine whether a patient has or does not have a 
particular condition,1,2 clinicians should be aware of cer-
tain parameters regarding the tests they use if these tests 
are to be applied most appropriately and effectively in 
practice. The most basic parameters that need to be estab-
lished regarding any clinical test are that it demonstrates a 
sufficient degree of reliability and validity.3–5 If these two 
important parameters are not met, then the test’s value in 
assisting clinicians to arrive at a diagnosis, form a treat-
ment plan, or monitor a patient’s progress is question-
able.3–5

Reliability refers to the consistency and repeatability of 
outcomes as measured by the clinical test.3,4 This includes 
an assessment of whether a test result measured by one 
examiner would also be obtained by a different examiner 
performing the test on the same subject at the same time 
(i.e. inter-examiner agreement) or by the same examiner 
performing the test on the same subject at a different 
time (i.e. intra-examiner agreement).3 Validity refers to 
whether the clinical test is accurate in measuring what it 
is purporting to measure.3,4,6 Of the three types of validity, 
only “criterion” validity is relevant to the evaluation of  
a clinical test.6 This involves the comparison of results 
obtained from the clinical test to those obtained from a 
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“reference” (i.e. “criterion”) diagnostic test which, al-
though it provides a more accurate assessment of the con-
dition being investigated, is deemed to be too expensive 
and/or impractical to use routinely in clinical practice. 
Therefore, most clinical tests are used to classify patients 
as “positive” or “negative” depending on the presence or 
absence (respectively) of a particular sign or symptom, 
which is then presumed to be indicative of the presence 
or absence of the condition (i.e. a “positive” test result 
indicates that the patient has the condition). Assessing the 
validity of a clinical test’s usefulness in this regard re-
quires knowledge of a variety of parameters, all of which 
are important and must be individually considered by the 
clinician in order to appropriately interpret the results 
he/she obtains when performing the test on a patient.5,7 
These parameters include the test’s sensitivity, specificity, 
predictive values, and likelihood ratios. 

The sensitivity of a clinical test is the proportion of sub-
jects with the condition who are correctly identified by 
the test and provide a “positive” result.1,2,6–8 Thus, if the 
sensitivity is high, a “negative” test result will effectively 
rule out the condition.2 The specificity is the proportion of 
subjects without the condition who are correctly identi-
fied by the test and provide a “negative” result.1,2,6–8 Thus, 
if the specificity is high, a “positive” test result will effect-
ively rule in the condition.2 The positive predictive value 
is the proportion of subjects with a “positive” test result 
who are correctly diagnosed, whilst the negative predict-
ive value is the proportion of subjects with a “negative” 
test result who are correctly diagnosed.1,2,6,8 Since both 
the condition’s presence (i.e. “present” or “absent”) as 
well as the test result (i.e. “positive” or “negative”) are 
categorical in nature, the resulting calculations for these 
parameters are based on constructing a 2 × 2 contingency 
table, as illustrated in Figure 1. 

There is an important trade-off between these two 
pairs of parameters. Although the predictive values are 
more valuable to clinicians since they provide a direct 
assessment of the usefulness of the test in practice, they 
are also both influenced by the prevalence of the condi-
tion in the population to whom the test is applied.1,2,6,8 
A higher prevalence tends to lead to an increased posi-
tive predictive value and a decreased negative predict-
ive value, whilst a lower prevalence tends to lead to 
an increased negative predictive value and a decreased 
positive predictive value.8 Therefore, it is vital that the 

predictive values that are calculated for a clinical test in 
a particular study sample should not be taken to apply 
universally. The sensitivity and specificity, on the other 
hand, are unaffected by the prevalence of the condition, 
but are not as useful to clinicians since they give little 
indication as to how good the test is at predicting the cor-
rect diagnosis.1,2,6,8 For these reasons, the use of these 
four parameters alone can occasionally lead clinicians to 
make misleading inferences regarding the value of a clin-
ical test and, therefore, the results they obtain when using 
it in practice.6 

As a result, two other parameters, namely the likeli-
hood ratios of a positive and negative test, have been sug-
gested to be better indicators of the usefulness of a clinical 
test.1,2,6 Effectively, these ratios compare the probability 
of getting a test result if the subject truly had the condi-
tion with the corresponding probability if he/she did not. 
Figure 2 illustrates how to calculate these parameters, as 
well as describes the general consensus on how to inter-
pret the resulting values.1,2,6

Since these ratios effectively summarize the informa-
tion contained in each of the four previously-described 
parameters and are not influenced by the prevalence  
of the condition, they are considered to be more valuable 
to clinicians.2,6 In addition, since likelihood ratios (as 
well as each of the other four parameters) are proportions, 
they may be expressed as a percentage and should al- 
ways be presented with an appropriate confidence inter-
val.1,7,8

Condition

Present Absent

Test Result Positive a b

Negative c d

Figure 1  An illustration of how to calculate the 
sensitivity, specificity, positive predictive value, and 
negative predictive value for a clinical test from a 2 × 2 
contingency table. 

a = “True Positives”	 Sensitivity = a/(a + c)
b = “False Positives”	 Specificity = d/(b + d)
c = “False Negatives”	Positive predictive value = a/(a + b)
d = “True Negatives”	 Negative predictive value = d/(c + d)
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The Prone Hip Extension Test
The Prone Hip Extension (PHE) Test was one of a series 
of clinical tests developed by Vladimir Janda as a means 
of evaluating for motor control deficiencies during specif-
ic movements which were proposed to be associated with 
the development of various musculoskeletal pain syn-
dromes.9,10 Based on his clinical observations, Janda sug-
gested that this particular test could be used as a means 
of assessing for a particular functional muscle imbalance 
(variously referred to as “lower crossed syndrome,” “dis-
tal crossed syndrome,” or “pelvic crossed syndrome”) 
that he deemed to be important in the development and/or 
perpetuation of low back pain (LBP). Despite slight varia-
tions in the traditional descriptions of how to perform the 
PHE Test, the general procedure was to have the patient 
lie prone and alternately lift each leg away from the table 
whilst the clinician observes and/or palpates four muscles 
of interest – namely the ipsilateral gluteus maximus (GM) 
and hamstring (HAM) muscles as well as the ipsilateral 
erector spinae (IES) and contralateral erector spinae mus-
cles (CES) – in an attempt to determine their order of acti-
vation.9–12 Although there was some debate as to what the 
“normal” order of activation should be during the move-

ment, with both the GM and HAM being proposed as the 
muscle that should become active first, there was general 
agreement that these two muscles should become active 
prior to the CES and IES.11-13 Regardless of this debate, 
the clinician was instructed to assess whether the erector 
spinae muscles were readily activated and/or the activa-
tion of the GM was delayed, which would be indicative 
of an “abnormal” motor pattern for this movement.9–11,13 

As described, the theory behind this “traditional” use of 
the PHE Test was based primarily on clinical observations. 
However, the amount of published research supporting 
and quantifying its clinical usefulness in this regard is 
sparse. To the author’s knowledge, there are no published 
studies which have investigated the validity and reliability 
of determining the motor patterns that patients use during 
PHE via observation or palpation. Ergo, the accuracy with 
which clinicians can detect the muscle activation order by 
either of these methods, as well as whether the results ob-
tained for a particular patient are reproducible by differ-
ent clinicians, are unknown. It has been shown that both 
asymptomatic subjects14 and LBP patients15 demonstrate 
a great deal of within-subject variability in the activation 
orders they use when performing PHE over a series of rep-
etitions (which is how this test is commonly performed 
in practice), and that the absolute differences in the rela-
tive onset times of the four muscles are generally quite 
small.15–18 Considering these findings, it seems reasonable 
to question whether a clinician could actually be expected 
to accurately detect these small differences in muscle 
onsets by a method other than electromyography, a con-
cern which has also been expressed by other authors.16,17 

Even if it was to be demonstrated that the reliability and 
validity of detecting muscle onsets by observation or pal-
pation were sufficiently acceptable for the test to be used 
by clinicians in this manner, the actual clinical importance 
of the activation order a patient uses to achieve PHE is 
questionable. First, there does not appear to be “normal” 
nor “abnormal” muscle activation orders for PHE.14,15 As 
well, the original contention that a GM onset after that of 
the erector spinae muscles was “abnormal” also appears to 
be incorrect as several studies have demonstrated that the 
GM seems to most commonly be the final muscle to be-
come active during PHE.14,15,17,18 Indeed, in both asymp-
tomatic subjects and LBP patients, the HAM, IES, and 
CES appear to generally become active almost simultan-
eously and in a seemingly random order, followed by the 

Likelihood ratio of a positive test   =   (sensitivity)/(1 – specificity)

Likelihood ratio of a negative test  =   (1 – sensitivity)/(specificity)

·	 The higher the likelihood ratio of a positive test, the more 
certain one can be that a positive test result indicates the sub-
ject has the condition.  A value of 10 or more is considered an 
indicator that a positive test result is very good at ruling in the 
condition.

·	 The lower the likelihood ratio of a negative test, the more cer-
tain one can be that a negative test result indicates the subject 
does not have the disorder.  A value of 0.1 or less is considered 
an indicator that a negative test result is very good at ruling out 
the condition.

·	 If a likelihood ratio is close to 1.0, then the test result is not a 
good indicator whether the subject has (for a positive test re-
sult) or does not have (for a negative test result) the condition.

Figure 2  An illustration of how to calculate the positive 
and negative likelihood ratios for a clinical test and 
the general consensus on how to interpret the resulting 
values.
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GM after a delay. Collectively, these points seriously chal-
lenge the appropriateness and clinical value of using the 
PHE Test as it was traditionally described. 

More recently, Murphy et al.5 provided an alternative 
description of how clinicians should perform and interpret 
the PHE Test. They proposed that rather than attempting 
to assess the motor pattern(s) a patient utilizes to achieve 
the movement, clinicians should instead observe for the 
presence of the following “abnormal” deviations of the 
lumbar spine during the movement: rotation of the lumbar 
spine such that the spinous processes appeared to move 
toward the side of hip extension; a lateral shift of the lum-
bar spine toward the side of hip extension; and extension 
of the lumbar spine. It was suggested that this may be a 
better indication of suspected “dynamic instability” of the 
lumbar spine than the traditional use of the test. 

Importantly, the inter-examiner reliability of classify-
ing LBP patients as “Positive” and “Negative” based on 
the presence or absence (respectively) of the three “ab-
normal” deviations of the lumbar spine motion described 
above has been found to be good.5 There is, however, a 
paucity of published research attempting to explain the 
underlying motor control strategies that account for the 
presence or absence of these deviations. A preliminary 
study using asymptomatic subjects demonstrated that the 
presence of one or more of the deviations was associated 
with a significant delay in the onset of the GM.19 Although 
it is unknown at present if these findings are generalizable 
to the LBP population, they would seem to suggest that 
the presence of these deviations have the potential to be 
used as an indirect indicator that an “abnormal” motor 
pattern is present in the form of a significantly delayed 
onset of the GM during PHE. However, in order for clin-
icians to more appropriately interpret their findings when 
using the PHE Test in this manner, they must first con-
sider the validity of using the presence of these deviations 
as being “diagnostic” of this underlying motor pattern. To 
this end, knowledge of the test’s sensitivity, specificity, 
predictive values, and likelihood ratios is necessary.

The Presence of “Abnormal” Lumbar Spine 
Deviations During the PHE Test as Being 
Diagnostic of a Significantly Delayed Onset of 
the GM: A Consideration of its Diagnostic Test 
Parameters 
As outlined in the previous section, it has been shown that 

the presence of one or more of the lumbar spine devia-
tions seems to be associated with a significant delay in the 
onset of the GM during PHE in asymptomatic subjects. 
It must be stressed, however, that this finding was based 
on the calculation and comparison of group averages. In 
other words, the average onset time of the GM during sets 
of PHE that demonstrated the deviations was compared 
to the average onset time of the GM during sets of PHE 
that did not. As an author of this particular paper, I can 
attest to the fact that not all of the sets classified as “Posi-
tive” demonstrated a large delay in GM onset compared 
to those classified as “Negative.” The same holds true for 
those classified as “Negative” (i.e. a minority of these sets 
demonstrated a delay in GM onset comparable to those 
classified as “Positive”). Thus, the presence of these “false 
positives” and “false negatives” necessitate the calcula-
tion of the test’s sensitivity, specificity, predictive values, 
and likelihood ratios in order to comment on the inher-
ent value that “positive” and “negative” test results would 
have for clinicians. One caveat that must be emphasized 
at this point is that since only asymptomatic subjects were 
used in the cited study, values for these parameters can-
not be established for the LBP population based on these 
data. The following calculations are provided merely for 
illustrative purposes and should not be taken to inform 
clinical decisions if/when the PHE Test is performed in 
clinical practice on LBP patients.

It has been highlighted that diagnostic test parameters 
analyze a test’s ability to diagnose the presence or absence 
of a condition by the presence or absence of a particular 
sign or symptom. As such, the first issue that must be ad-
dressed is to define the “condition” that the PHE Test is 
being used to diagnose in this case. Simply stating that 
the test is attempting to determine the presence or absence 
of a “significantly delayed GM onset” during PHE is in-
sufficient since the muscle onset time data is continuous 
in nature and the test parameters require categorical out-
comes for the condition (i.e. the condition is either present 
or absent). It is therefore necessary to select a specific 
magnitude for the onset delay above which the relative 
onset of the GM is defined as “significantly delayed” (i.e. 
the condition is present), and below which it is defined as 
“not significantly delayed” (i.e. the condition is absent). 

Since there is no universally accepted standard that 
is used to define that a particular muscle’s onset is “sig-
nificantly delayed” for this movement, the decision as to 
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what magnitude of onset delay to select for the “cut-off” 
will need to be somewhat subjective for the purpose of 
this example. Several studies have demonstrated a signifi-
cant delay in the onset of the transversus abdominis dur-
ing various arm and leg movements in LBP subjects, with 
the magnitude of the delay varying from ~60 ms to 165 
ms depending on the specific movement the subjects were 
asked to perform.20–22 It has been suggested that these 
onset delays are potentially indicative of motor control 
deficits that may lead to inefficient lumbar spine stabil-
ization. A delayed onset of 110 ms will therefore be se-
lected as being indicative of a motor control deficit during 
PHE that represents inefficient lumbar spine stabilization 
since it is the approximate mid-point of the range pro-
vided. Thus, the “condition” will be deemed present (i.e. 
the GM onset will be deemed “significantly delayed”) if 
the relative onset delay exceeds 110 ms. Conversely, the 
“condition” will be deemed absent if the relative onset 
delay is less than 110 ms.

Using this definition, an analysis of the raw data col-
lected for the cited study (not presented) can be ana-
lyzed to categorize the PHE sets classified as “Positive” 
into “true positives” (i.e. those which demonstrate a 
“significantly delayed” GM onset) and “false positives” 
(i.e. those which do not demonstrate a “significantly de-
layed” GM onset). This reveals 7 “true positives” and 6 
“false positives.” Likewise, the “Negative” PHE sets can 
be categorized into “true negatives” (i.e. those which do 

not demonstrate a “significantly delayed” GM onset) and 
“false negatives” (i.e. those which demonstrate a “signifi-
cantly delayed” GM onset). This reveals 26 “true nega-
tives” and 4 “false negatives.” These values can then be 
inserted into a 2 × 2 contingency table and used in the 
calculations in each of the test parameters (see Figure 3).

These calculated values lend themselves to several 
implications regarding the appropriateness of using the 
presence of the previously-described “abnormal” lumbar 
spine motion patterns during the performance of the PHE 
Test as being diagnostic of an underlying “significant de-
lay” in GM onset. Although the specificity indicates that 
the value of a positive test result at ruling in the condition 
is relatively high, only 53.8% of the positive test results 
were correct. In addition, whilst 86.7% of the negative 
test results were correct, the sensitivity indicates that the 
value of a negative test result at ruling out the condition is 
only moderate. Since predictive values are affected by the 
prevalence of the condition, it could be argued that these 
apparent contradictions may be explained by the rela-
tively low prevalence of the condition in this particular  
sample of subjects, which may have had an effect to raise 
the negative predictive value and lower the positive pre-
dictive value. This reinforces the need to consider the cal-
culated likelihood ratios, both of which indicate that the 
value of positive and negative test results are “somewhat 
useful.”6 

It would be essential for clinicians to know and con-

“Significantly Delayed” GM Onset

Present Absent

PHE Test Result Positive 7 6

Negative 4 26

Sensitivity = 7/(7 + 4) = 0.636	 63.6% (95% CI: 35.4 to 84.8)

Specificity = 26/(6 + 26) = 0.813	 81.3% (95% CI: 64.7 to 91.1)

Positive predictive value = 7/(7 + 6) = 0.538	 53.8% (95% CI: 29.1 to 76.8)

Negative predictive value = 26/(4 + 26) = 0.867	 86.7% (95% CI: 70.3 to 94.7)

Likelihood ratio of a positive test = (0.636)/(1 – 0.813)	 3.394 (95% CI: 1.437 to 7.803)

Likelihood ratio of a negative test = (1 – 0.636)/(0.813)	 0.448 (95% CI: 0.184 to 0.831)

Figure 3  The sensitivity, specificity, predictive values, and likelihood ratios of the PHE Test for diagnosing the presence 
or absence of a “significant delay” in GM onset as calculated from the data collected in Bruno et al. (2008).19 



74	 J Can Chiropr Assoc 2011; 55(2)                                                     

The importance of diagnostic test parameters in the interpretation of clinical test findings

sider all of these factors if they decide to use the PHE 
Test in this manner since they would be able to more ap-
propriately interpret and use the test results obtained for 
a particular patient in their overall clinical decision mak-
ing. It should be emphasized once again, however, that the 
implications described above should not be generalized to 
the LBP population since the parameters have only been 
calculated here for illustrative purposes. 

Conclusion
It is essential that, whenever possible, clinicians know and 
make use of specific parameters related to the diagnostic 
tests they use in practice in order to appropriately inter-
pret their clinical findings. This would allow for more in-
formed decision making when it comes to the diagnosis 
and management of a patient’s condition. Although these 
parameters have been established for many tests used in 
health care, this is not universally true. Henceforth, it is 
crucial that further research be conducted to establish 
these parameters for the variety of clinical tests that are 
used by health care practitioners. 
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